Activin has previously been shown to act as a nerve cell survival factor and to have neurotrophic effects on neurons. However, the role of activin in regulating neurotransmitter expression in the central nervous system and the exact mechanisms involved in this process are poorly understood. In the present study, we report that activin A and basic fibroblast growth factor (bFGF) synergistically increased the protein level of tyrosine hydroxylase (TH), and also greatly increased the TH mRNA level, in both mouse E14 striatal primary cell cultures and the hippocampal neuronal cell line HT22. Activin A and bFGF cooperatively stimulated nuclear translocation of Smad3 and specifically activated ERK1/2, but not p38 or JNK. Interestingly, a specific inhibitor for MEK, U0126, efficiently blocked the induction of TH promoter activity by activin A and bFGF, indicating that activin A collaborated with bFGF signaling to induce the TH gene through selective activation of ERK-type MAP kinase in mouse striatal and HT22 cells. These data suggest that activin A may act in concert with bFGF for the development of TH-positive neurons.
Introduction
Parkinson's disease is a very common neurodegenerative disorder (Gudmundsson 1967) , characterized by akinesia, rigidity and tremor, that is related to the loss of dopaminergic (DA) neurons in the substantia nigra and depletion of dopamine in the striatum (Ehringer & Hornykiewicz 1960) . Tyrosine hydroxylase (TH) is the first and major rate-limiting enzyme of catecholamine biosynthesis in DA and noradrenergic neurons (Nagatsu et al. 1964) . Therefore, studies on the transcriptional regulation of TH are very important for understanding the development of DA neurons.
Fibroblast growth factor (FGF) is an important modulator of the cell growth and differentiation of various cells, including neurons. Basic FGF (bFGF) promotes survival and stimulates the neurite-promoting activity of embryonic DA neurons in the substantia nigra (Grothe et al. 2000) . Recent research has revealed that all three bFGF isoforms and FGF receptors 1-3 are expressed in both the striatum and substantia nigra (Claus et al. 2004) . Furthermore, bFGF produces the recovery of motor behavior, dopamine metabolite levels, striatal F-DOPA uptake and TH-positive cells in hemiparkinsonian monkeys (Fontan et al. 2002) .
Activin A, a member of the transforming growth factor (TGF)-superfamily, has various effects on diverse biologic systems, such as erythroid differentiation, mesoderm induction in Xenopus embryos, bone growth and somatostatin induction (Mathews 1994 , Tsuchida 2004 ). In addition, activin acts as a nerve cell survival factor (Schubert 1990 ) and has neurotrophic effects on nerve cells (Fann & Patterson 1994a ,b, Hughes et al. 1999 . Furthermore, activin A mRNA is expressed in the striatum during embryogenesis from E16-E17 (Roberts et al. 1991) . Activin receptors are widely expressed in the adult rat brain, and their expression is upregulated in response to brain injury (Cameron et al. 1994 , Funaba et al. 1997 , Lewen et al. 1997 .
Since activin A, bFGF and their receptors are expressed by a subpopulation of the ventricular zone progenitors, both activin and bFGF could exert their actions locally. However, the role of these factors in regulating the expression of catecholamine neurotransmitters and the molecular mechanisms involved in this process are not fully understood. Elucidating the mechanism of differentiation of TH-positive neurons in the striatum could provide insights for more effective therapeutic approaches for Parkinson's disease.
In the present study, we examined the synergistic effects of activin A and bFGF on TH expression in mouse E 14 striatal and HT22 cells. We further investigated the potential molecular mechanisms underlying the synergistic effects of these factors. 6 cells/ml) on poly--ornithine (15 g/ml)/fibronectin (1 g/ml)-coated glass cover slips in medium alone or medium containing activin A (100 ng/ml), bFGF (20 ng/ml) or both for 72 h. Fixed cells were processed for dual labeling with a monoclonal antibody against TuJ1 and a polyclonal antibody against TH, followed by FITC-conjugated antimouse IgG and rhodamine-conjugated antirabbit IgG secondary antibodies. TH (red), TuJ1 (green) and their merged images are indicated. (A-C) Control; (D-F) activin A alone; (G-I) bFGF alone; (J-L) activin A and bFGF. Scale bars=50 m.
Materials and Methods

Cell culture
Pregnant C57BL/6 mice at gestational day 14 were anesthetized with diethyl ether and exsanguinated. Embryos were removed and placed in a Petri dish containing Hanks' balanced salt solution (HBSS). After decapitation, the brain was removed and the striatum was microdissected out, carefully triturated with a fire-polished Pasteur pipette to produce a single cell suspension and then plated at a density of 1 10 6 cells/ml on poly--ornithine (15 µg/ ml)/fibronectin (1 µg/ml)-coated tissue culture plates or slides. The culture medium was the serum-free, chemically defined Dulbecco's Modified Eagle's Medium (DMEM)/F12 (1:1) containing glucose (1000 mg/l), glutamine (2 mM), sodium bicarbonate (3 mM) and HEPES buffer (5 mM). A defined hormone mixture containing insulin (25 µg/ml), transferrin (100 µg/ml), progesterone (20 nM), putrescine (100 µM) and selenium chloride (30 nM) was included in the medium. At 2 h after plating, activin A and/or bFGF were added to the cultures. Cells were incubated at 37 C with 5% CO 2 . All tissue culture reagents were purchased from Sigma, except for glutamine (Invitrogen). The mouse hippocampal neuronal cell line HT22 was maintained in DMEM supplemented with 10% fetal bovine serum and antibiotics (100 U/ml penicillin and 100 µg/ml streptomycin; Wako, Osaka, Japan).
Antibodies
A mouse monoclonal antibody against -tubulin type III (TuJ1) was purchased from Sigma, and a rabbit polyclonal antibody against TH was obtained from Chemicon (Temecula, CA, USA). MAPK antibody kits (containing polyclonal antibodies against phospho-p38, phospho-JNK/SAPK and phospho-p44/p42), antibodies against Smad3 and Smad4, and a mouse monoclonal antibody against PCNA were from Cell Signaling Technology Inc (Beverly, MA, USA).
Indirect immunocytochemistry
Mouse striatal and HT22 cells were plated on glass cover slips in 12-well tissue culture plates. Cells were fixed with 4% paraformaldehyde in PBS for 30 min at room temperature, washed three times with PBS and permeabilized in ice-cold methanol for 20 min. The cells were then blocked with 1% bovine serum albumin (BSA) in PBS for 1 h, and double-immunostained with the rabbit anti-TH antibody (1:300) and mouse anti-TuJ1 antibody (1:300) overnight at 4 C. Subsequently, the cells were incubated with rhodamine-conjugated rat serum-absorbed goat antirabbit immunoglobulin (Ig)G (1:200) and FITCconjugated rabbit antimouse IgG (1:200) at 4 C for 2 h. Fluorescent images were visualized and captured with a confocal microscope (Zeiss).
RT-PCR and Northern blotting
Total RNA was extracted with the TRIzol reagent, according to the manufacturer's protocol (Invitrogen). The concentration and purity of the extracted RNA were measured with the optical densities at 260 and 280 nm. cDNA was prepared with SUPERSCRIPT II reverse transcriptase (Invitrogen). The following primers were used to amplify the target genes:
v GAPDH: 5 -ACCACAGTCCATGCCATCAC-3 , 5 -TCCACCACCCTGTTGCTGTA-3 v TH: 5 -CCTCCTTGTCTCGGGCTGTAA-3 , 5 -CTGAGCTTGTCCTTGGCGTCA-3 v aromatic -amino acid decarboxylase (AADC): 5 -CCTACTGGCTGCTCGGACTAA-3 , 5 -GCGTA CCAGGGACTCAAACTC-3 v dopamine -hydroxylase (DBH): 5 -GTGACCAG AAAGGGCAGATCC-3 , 5 -CACCGGCTTCTTCTG GGTAGT-3 v -actin: 5 -CTGAAGTACCCCATTGAACATG GC-3 , 5 -CAGAGCAGTAATCTCCTTCTGCAT-3 .
PCR was performed for 30 cycles, with each cycle consisting of 94 C for 45 s, 62 C for 30 s and 72 C for 45 s, followed by a final extension step at 72 C for 10 min. The amplified PCR products were subjected to 2% agarose gel electrophoresis and stained with ethidium bromide. The specific bands were quantified with NIH Image1·62 software (NIH, Bethesda, MD, USA). For Northern blotting, 27·5 µg total RNAs isolated from striatal cultured cells were fractionated and blotted onto a nylon membrane. A cDNA fragment of mouse TH generated by RT-PCR was used as a probe. Hybridization, washing, and detection were performed as described previously (Shoji et al. 2000) .
Construction of plasmids
The 4·5 kb and 948 bp upstream sequences of the rat TH gene (kindly provided by Dr D Chikaraishi) were Table 1 Effect of activin A and bFGF on the induction of TH-positive cells in E14 striatal cells. E14 striatal cells (1 10 6 /ml) were treated with the indicated factors (activin A, 100 ng/ml; bFGF, 20 ng/ml) and stained as described in the legend for Fig. 1 subcloned into the SmaI and KpnI/SmaI sites of the pGL2 vector (Promega) to generate the TH-4·5 kb-luc and TH-948 bp-luc reporters respectively.
Luciferase assay
HT22 cells were plated at 1 10 5 cells/well in 24-well plates, and transfected with the Transfast reagent (Promega). At 24 h after transfection, the cells were treated with or without activin A and/or bFGF for 12 h, and then extracted in buffer (25 mM glycylglycine, pH 7·8, 15 mM MgSO 4 , 4 mM EGTA and 1% Triton X-100). The luciferase activity was measured and normalized to the -galactosidase activity, as described previously (Shoji et al. 2000) .
Preparation of cytosolic and nuclear extracts
Mouse striatal primary cell cultures and HT22 cells exposed to activin A and/or bFGF were washed twice with cold PBS, and incubated in 100 µl hypotonic buffer (20 mM HEPES-NaOH (pH 7·9), 1 mM EDTA, 0·5% NP-40, 2 µg/ml leupeptin, 2 µg/ml pepstatin, 2 µg/ml aprotinin, 4 mM PMSF, 1 mM EGTA and 1 mM NaF). Each lysate was kept on ice for 10 min and centrifuged at 5000 r.p.m. for 2 min. The supernatant was then collected as the cytosolic fraction. The pellet was incubated on ice for 20 min in 30 µl high-salt buffer (hypotonic buffer supplemented with 420 mM NaCl and 20% glycerol) and centrifuged at 15 000 r.p.m. for 5 min. The supernatant was then collected as the nuclear fraction. The protein concentration was determined by a colorimetric assay using a DC protein assay kit (Bio-Rad). Equal amounts of cytosolic proteins and an equivalent amount of nuclear proteins were electrophoresed in a 12% SDS-PAGE gel, and analyzed by Western blotting.
Western blotting analysis
Proteins resolved by SDS-PAGE were transferred to PVDF membranes, and blocked with 5% nonfat dry milk in TBST buffer (20 mM Tris-HCl (pH 7·6), 150 mM NaCl and 0·05% Tween 20) for 1 h at room temperature. The membranes were then probed with 1000-fold diluted primary antibodies in 1% milk/TBST for 12 h at room temperature, washed three times, incubated with HRPconjugated secondary antibodies for 1 h at room temperature, and washed extensively before detection by chemiluminescence with ECL-Plus (Amersham). Proteins were visualized by exposing the blots to Fuji Super RX film. Western blotting data were quantified with NIH Image 1·61 software.
Results
Activin A and bFGF synergistically induce TH immunoreactivity in striatal primary cell cultures of mouse embryos
To investigate the effects of activin A and bFGF on TH expression, mouse primary striatal cells were cultured in the presence or absence of activin A and/or bFGF for 72 h, followed by indirect immunofluorescence, using the rabbit anti-TH polyclonal and mouse anti-TuJ1 monoclonal antibodies. When cells were cultured without any factors, striatal progenitors did not express TH protein (Fig. 1A-C ). Activin A alone had no effect (Fig. 1D-F) , while in the presence of bFGF alone, a small number of striatal progenitors expressed TH protein ( Fig. 1 G-I) . However, when the two factors were combined, the number of TH-positive cells was dramatically increased (17·8-fold) compared with the bFGF-treated cells ( Fig. 1J-L ; Table 1 ). These results indicate that the two growth factors synergistically increase the TH protein level in mouse striatal primary cell cultures.
Activin A and bFGF induce TH expression accompanied by morphologic changes in HT22 cells
We further examined the effects of activin A and bFGF in the mouse hippocampal neuronal cell line HT22. (1 10 5 ) were plated on glass cover slips in 12-well plates and cultured in medium alone or medium containing activin A (100 ng/ml), bFGF (20 ng/ml) or both for 48 h at 37 C. Cells were then fixed and permeabilized, and double immunostaining was performed as described in the legend for After treatment with activin A and bFGF for 48 h, most of the polygonal cells had changed morphologically with long, elaborate processes, hypertrophic cell bodies, and had developed networks between the cells ( Fig. 2A: J-L) . When the cells were grown in the presence of bFGF alone, about half the cells displayed the neuron-like morphology ( Fig. 2A: G-I ). Cells treated with activin A alone, however, did not change their morphology ( Fig. 2A: D-F) . Regarding the expression of TH protein, activin A alone had almost no effect (Table 2 and Fig. 2A : D-F). Treatment with activin A and bFGF remarkably increased the number of TH-positive cells (Table 2 and Fig. 2A : J-L), while bFGF alone was less effective (Table 2 and Fig. 2A : G-I) than the cotreatment with activin A. These results were further confirmed by Western blotting. The amount of TH protein in HT22 cells treated with 100 ng/ml of activin A and 20 ng/ml of bFGF for 36 h was increased ninefold compared with untreated cells (Fig. 2B and C) . These results indicate that activin A and bFGF synergistically induce TH expression in mouse hippocampal neuronal cells. 
Effect of activin A and bFGF treatment on the expression of endogenous TH mRNA
To test the possibility that activin A and bFGF directly regulate transcription of the TH gene, we first analyzed the expression of TH mRNA in mouse striatal cells by RT-PCR. The mRNA of the TH gene was strongly induced by a combination of activin A and bFGF ( Fig. 3A  and B) , and the expression was maintained during the course of the experiment (6-72 h) (data not shown). We further examined the expressions of the AADC and DBH genes. Like TH, AADC mRNA expression was induced synergistically by a combination of the two factors. Interestingly, DBH was not detected in cultures exposed to activin A and bFGF, suggesting that the TH-positive neurons were destined to become DA, rather than norepinephrine-producing, cells. We also tested the effect of these two factors on the neuronal cell line HT22. The TH gene expression was also synergistically induced by cotreatment with activin A and bFGF in the HT22 cell line (Fig. 3C and D) . Furthermore, the synergistic effect of activin A and bFGF was dose-dependent for each factor (Fig. 4) . To analyze further the transcriptional regulation of the TH gene by activin A and bFGF, we transfected HT22 cells with reporter plasmids containing the fulllength TH promoter (4·5 kb) or the proximal promoter (948 bp), followed by treatment with 100 ng/ml activin A and/or 20 ng/ml bFGF for 12 h. As shown in Fig. 5 , activin A alone had no effect on the luciferase activity, while bFGF stimulated the luciferase activity about 1·6-fold for the full-length promoter and 1·9-fold for the proximal promoter compared with the control cells respectively. Cotreatment with activin A and bFGF enhanced the induction of the TH gene by 2-fold for the full-length promoter and 3·5-fold for the proximal promoter. The weaker regulation of full-length TH promoter than that of the proximal promoter reflects the negative and tissue-specific elements on the full-length TH promoter (Sakurada et al. 1999) .
Activin A and bFGF activate ERK, but not p38 or JNK, in vitro
Next, we analyzed the intracellular signaling pathways required for TH gene activation. To this end, we studied the activation of MAP kinases in mouse primary striatal cells. Activin A and bFGF both induced phosphorylation of ERK1/2 (Fig. 6A and B respectively) , and bFGF was more efficient than activin A. Under these conditions, however, a combination of these factors did not further enhance the phosphorylation. Interestingly, activin A, Figure 4 Activin A and bFGF synergistically induce TH mRNA in HT22 cells in a dose-dependent manner. HT22 cells were cultured in the presence of 100 ng/ml of activin A and increasing concentrations of bFGF (A and B) or in the presence of 20 ng/ml bFGF and increasing concentrations of activin A (C and D) for 12 h, and then processed for RT-PCR analysis. The specific bands were quantified as described in the legend for Fig. 3 , and the signal intensity of TH was normalized by that of -actin. Each sample was analyzed at least three times, and the difference in the obtained values was always less than 5%.
bFGF and their combination all failed to activate either p38 or JNK. Activin A signals through transmembrane receptor serine/threonine kinases to phosphorylate intracellular signaling Smad proteins, which modulate the transcription of the target genes. Activin A and bFGF stimulated nuclear translocation of Smad3 about 2·5-and 3·0-fold respectively (Fig. 7A) . After treatment with a combination of activin A and bFGF, the Smad3 in the nuclear fraction was further increased to about sixfold that in the negative control, suggesting that Smad signaling is also activated in this system (Fig. 7B) . To determine whether activation of Smad pathway is functionally important, we transfected cDNA for Smad7, an inhibitory Smad, and studied its effect on Smad 3 phosphorylation and TH promoter activation. Smad7 had an inhibitory effect an Smad 3 phosphorylation induced by activin A and bFGF (Fig. 7C) . Furthermore, Smad 7 cDNA interfered with TH promoter activation by activin A and bFGF (Fig. 7D) . These data indicate the important role of the Smad signaling pathway for TH regulation by activin A and bFGF.
Activation of ERK1/2 MAPK is required for the synergistic effect of activin A and bFGF on induction of the TH gene
To investigate whether ERK activation is involved in the induction of the TH gene by activin A and bFGF, we analyzed the effect of a MAPK inhibitor on the induction of the TH promoters, using luciferase assays. U0126, a specific inhibitor for MEK, completely inhibited the activin A-or bFGF-dependent phosphorylation of the MEK substrates ERK1/2, whereas treatment with a specific inhibitor for phosphatidylinositol-3 kinase (PI3K), LY294002, did not affect the activation of ERK1/2 (Fig. 8A) . When HT22 cells were treated with U0126, activation of the TH promoter by activin A and bFGF was strongly impaired (Fig. 8B) . Similar inhibition was observed when another MEK inhibitor, PD98059, was used. In contrast, a p38 inhibitor, SB203580, or LY294002, had no effect on the TH promoter activity regardless of the presence or absence of activin A and/or bFGF. These results indicate that activation of ERK1/2 is required for the TH gene transcription induced by bFGF and/or activin A in HT22 cells.
Discussion
Parkinson's disease is a common neurodegenerative disorder that involves progressive disability, rigidity and tremors. Several strategies, including stereotaxic brain lesions, deep brain stimulation, transplants of DA cells and administration of neurotrophic factors, have been proposed to improve efficacy and counteract progression of Figure 5 Effects of activin A and bFGF on rat TH promoter activity. HT22 cells were transfected with either TH-4·5 kb-Luc or TH-948 bp-Luc constructs, treated with activin A (100 ng/ml), bFGF (20 ng/ml) or both for 12 h, and then the luciferase activity was measured. The assay was performed in triplicate for each condition. The relative luciferase activity was measured and normalized by the -galactosidase activity. *P<0·05 vs control; **P<0·05 vs bFGF-treated cells in TH-4·5 kb, and vs activin A-treated cells in TH-948 bp by t-test. the disease. The generation of DA neurons is the most important. TH is the major rate-limiting enzyme of catecholamine biosynthesis in DA and noradrenergic neurons (Nagatsu et al. 1964) . Accordingly, the expression of TH plays a crucial role in regulating the level of catecholamines in the brain and periphery. Regulation of TH expression has been shown to be complex in various neuronal lineages (Sabban 1997) , and neurotrophic factors, glucocorticoids, retinoic acid and synaptic activities, as well as various reagents and hormones that elevate cAMP, have been shown to increase TH expression in cultured cells and tissues (Nagatsu 1995) .
The neuroprotective and neurotrophic roles of bFGF are well documented. A recent study revealed that bFGF strongly enhances lesion-associated induction of activin A, indicating that activin acts downstream of bFGF in the hippocampus (Tretter et al. 2000) . Several groups have previously reported that bFGF influences TH gene expression. Synergistic interaction of neurotransmitters and coactivators such as bFGF induces the expression of TH in the neurons of the developing striatum (Du & Iacovitti 1995) . In contrast, it is reported that bFGF produces the recovery of motor behavior, dopamine metabolite levels, striatal F-DOPA uptake and THpositive cells in hemiparkinsonian monkeys (Fontan et al. 2002) . However, although the number of striatal THpositive cells was higher in the group of animals treated with bFGF than in the other groups, the differences were not significant, suggesting that bFGF alone is not sufficient. The important finding of the current study is that activin A and bFGF can synergistically induce the expression of TH at both the protein and mRNA levels. Furthermore, we showed that activin A and bFGF show a synergistic effect to induce TH promoter activity, indicating that the induction is mediated transcriptionally. However, activin A alone did not appear to modify the expression of TH, suggesting that activin A may act as an instructive regulator of bFGF actions on striatal cells. Our findings provide evidence that activin A influences the developmental potential of neuronal progenitors, whereas bFGF could trigger the differentiation of new TH-positive neurons from neuronal progenitors, and they support the hypothesis that combinatorial signaling may operate at the early stages of neuronal development to specify their fate. Our results are also promising with regard to the possibility of developing new strategies for neuroprotection.
Catecholamines are synthesized from a common cellular metabolite, tyrosine, by three major enzymes: TH, AADC and DBH. In this study, we detected consistent upregulation of TH and AADC mRNAs without detectable DBH mRNA (Fig. 3A) . Since DBH is specifically expressed in adrenergic neurons (Tiveron et al. 1996 , Krieglstein et al. 1998 , these data suggest that the TH-positive neurons induced by activin A and bFGF are likely to be DA, rather than adrenergic or noradrenergic.
Activin A is a multifunctional factor that regulates a variety of cellular processes, including proliferation, apoptosis, production of extracellular matrix and differentiation (Chen et al. 2002) . It is well known that Smad2/Smad3 are the downstream signaling mediators of activin A (Chen et al. 2002 , Tsuchida 2004 ). We observed that activin A and bFGF increased the Smad3 protein level in the nuclei of HT22 cells. Our results suggest that activin A and bFGF can activate translocation of Smad3 into nuclei and that the Smad3 signaling pathway may be involved in the synergistic effect of activin A and bFGF on TH expression.
The most important finding of the current study is the critical role of Smad 3 and ERK1/2 in mediating the signals contributing to the TH-positive neuronal differentiation induced by activin A and bFGF. Previous reports have suggested that MAPK may be a player in TH expression. TH-inducing pathways, including PKA or PKC activators as well as dopamine (acting via the D1/D5 receptor) and FGF, have been shown to result in the phosphorylation of MAPK (Ray & Sturgill 1988 , Ahn et al. 1990 , Gomez et al. 1990 , L'Allemain et al. 1991 , Figure 6 Western blotting analysis of ERK1/2 phosphorylation in mouse E14 striatal cells. (A) Mouse primary striatal cells were cultured in six-well tissue culture plates, and treated with activin A (100 ng/ml), bFGF (20 ng/ml) or both for 45 min, and then whole-cell lysates were subjected to Western blotting with the indicated antibodies. (B) Bar graph shows the combined signal of the p-ERK1/2 bands assessed with NIH Image 1·62 software and normalized by the TuJ1 signal. Expression of p-ERK1/2 in control cells was normalized to 1·0 in the figure. *P<0·05 vs control; **P<0·05 vs activin A treated cells by t-test. Sutherland et al. 1993 , Zhan et al. 1994 . Among several MAPKs, ERK is known to be important in the regulation of TH activity (Yamauchi & Fujisawa 1979 , Albert et al. 1984 , Vulliet et al. 1984 , Campbell et al. 1986 , Haycock et al. 1992 , Sutherland et al. 1993 , Halloran & Vulliet 1994 . In this study, we found that phosphorylation of ERK1/2 was increased after the cells were treated with activin A and bFGF. ERK1/2 was also activated by bFGF alone, but only very weakly by activin A. Our data further suggest that the TH gene expression induced by activin A and bFGF is dependent on the Smad signaling pathway, but not on the PI3 kinase pathway. These results suggest that the synergistic effect of activin A and bFGF on TH expression is due to cross-talk between the Smad and ERK signaling pathways.
In conclusion, we have demonstrated, for the first time, that activin A acts synergistically with bFGF to induce TH expression through the Smad and ERK pathways in both striatal and HT22 cells. This novel mechanism of TH promoter regulation may provide a useful basis for understanding the in vivo regulation of TH gene expression during development as well as in certain physiologic conditions. Our findings elucidate one type of mechanism by which cellular diversity in the developing brain could be augmented, and may also be useful for generating therapeutic approaches to neurodegenerative disorders. Identification of the environmental cues directing the fate of these neural precursors could provide a means to generate expandable, well-defined neural cell populations for reconstructive transplant strategies or to stimulate directly the ability of the brain to repair itself.
Medical School, Durham, NC, USA) for the rat TH promoter construct.
